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1.1. Mu selective opioid receptor ligands from a cyclic peptide library
Cyclic peptides offer a number of advantages as potential ther-
apeutic agents over their linear analogues. They can have enhanced
binding afﬁnity and selectivity, but of greater importance is their
metabolic stability, as they are less vulnerable to proteases com-
pared with the linear peptides. However, making cyclic peptides
can be challenging, primarily because of the preference for E-
geometry in the peptide bonds. A recent paper describes the syn-
thesis of a positional scanning cyclic peptide library that uses a
new imidazole-promoted cyclisation reaction.1
Positional scanning libraries are usually created in a number of
sub-library mixtures in which an amino acid residue is held con-
stant at a particular position within the peptide. The library is
screened as individual mixtures, and the mixtures with the great-
est potency are used as indicators for which residues are contribut-
ing most actively to binding. This particular library was
synthesised with an anthraniloyl group on the R3 position, as this
is a well characterised ﬂuorescent probe with a relatively high
quantum yield at 415 nm following excitation at 330 nm.
A model cyclic peptide (1) was prepared using solid-phase syn-
thesis on a mercaptomethylphenyl-functionalised silica support.
Cleavage from the solid support was achieved by treating with
anhydrous hydrogen ﬂuoride and following removal of the HF un-
der a nitrogen stream and lyophilisation, cyclisation of the peptide
was achieved with a solution of acetonitrile and 1.5 M imidazole.
The model cyclic peptide (1) was isolated in over 80% yield with
less than 8% of the linear hydrolysis by-product and 7% of the linear
precursor.http://dx.doi.org/10.1016/j.comche.2012.12.001
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The positional scanning library (2) was prepared using the same
synthetic route. Position 1 was ﬁxed as glycine, and position 3 was
ﬁxed as diaminopropionic acid with anthranilic acid attached to
the 3-amino group. Positions 2 and 4 represented 36 different L-
and D-amino acids, and position 5 was represented by 19 different
L-amino acids. The library was constructed in 91 individual mix-
tures – each mixture comprised 684 (19  36) cyclic peptides
when position 2 or 4 was ﬁxed, and 1296 (36  36) cyclic peptides
when position 5 was ﬁxed.
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Each mixture within the library was screened at a concentration
of 1 mg/mL in a competitive radio receptor binding assay against
the mu receptor. Several mixtures showed appreciable binding,
6 N.K. Terrett / Combinatorial Chemistry - An Online Journal 15 (2013) 5–7and key contributory amino acids were identiﬁed in each variable
position of the cyclic peptide. Making the combinations of the pre-
ferred amino acids required the synthesis of 40 individual cyclic
peptides and the most active combination (3) with a Ki value of
16 nM at the mu opioid receptor had L-tyrosine at R2, D-lysine at
R4 and L-tyrosine at R5. As this compound provides the possibility
of cyclisation onto the lysine side-chain, the side-chain to tail cyc-
lised product was also prepared (4) and found to be a marginally
more active ﬂuorescent mu opioid receptor ligand.
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This approach has rapidly prepared a library of cyclic peptides
and identiﬁed useful ﬂuorescent ligands to the mu opioid receptor,
and holds promise for other libraries and pharmacological targets.
2. A summary of the papers in this month’s issue
2.1. Polymer supported synthesis
An orthogonal protecting group strategy has been devised for
the automated solid-phase synthesis of hydroxamic acid-contain-
ing peptides for biomimetic histone deacetylase (HDAC) inhibition.
The basic building block was a protected aminosuberic acid deriv-
ative bearing a protected hydroxamate in the side-chain, related
closely to HDAC inhibitors that are transition-state analogues of
acetyllysine. This strategy was employed to synthesise a series of
nonameric peptides related to actual HDAC substrates, and sug-
gests a new class of HDAC inhibitors that may have enhanced
selectivity for speciﬁc HDAC isoforms.2
The Heck reaction of Wang resin-bound allylamine with aryl io-
dides produces various, substituted cinnamylamines. The catalyst
and additive system employed for this chemistry consisted of pal-
ladium(II) acetate, n-Bu4NOAc and potassium chloride, in addition
to potassium carbonate in N,N-dimethylformamide, producing aregioselective c-arylation. The cinnamylamine products are
cleaved from the resin with triﬂuoroacetic acid under mild condi-
tions and are converted into chromatographically separable aceta-
mides. This solid-phase method offers a new alternative for the
synthesis of cinnamylamine derivatives as biologically interesting
compounds and useful synthetic intermediates.3
2.2. Solution-phase synthesis
A gold-catalysed regioselective heteroannulation strategy has
been developed for the concise and efﬁcient synthesis of imi-
dazo[1,2-a]pyrazinones. The protocol allows the introduction of
diversity via the application of substituted propargyl amines or
via Suzuki coupling of the generated imidazo[1,2-a]pyrazinones
with various (het)aryl boronic acids.4
An efﬁcient protocol for the syntheses of diverse 2,6,7- and
2,6,9-trisubstituted purines has been reported starting from the
guanine precursor, 2-amino-6-chloropurine nucleoside, through
subsequent regioselective, high yielding Mitsunobu coupling and
nucleophilic substitutions with versatile primary and secondary
amines.5
2.3. Scaffolds and synthons for combinatorial libraries
Synthesis of D-threo-hydroxyaspartic acid, orthogonally pro-
tected and compatible with an Fmoc solid-phase peptide synthesis
strategy has been reported. This synthetic procedure started from
(2R,3R)-dimethyltartrate and is adaptable to a multi-gram scale.6
A number of unique enantiopure polycyclic alkaloid-like scaf-
folds can be prepared on a multigram scale in only a few steps from
a common, commercially available intermediate. The attached
nitromethyl group can then be used as a handle for the construc-
tion of highly diverse functionalised libraries suitable for screening
against biological targets of interest.7
2.4. Solid-phase supported reagents
Palladium nanoparticles have been successfully immobilised on
amine functionalised ionic liquid modiﬁed magnetic nanoparticles
leading to a magnetically recoverable Pd catalyst. This catalyst
exhibits high catalytic activity in the Suzuki coupling reaction at
room temperature and can be separated from the reaction mixture
by applying a permanent magnet externally and reused several
times without signiﬁcant loss of activity.8
An efﬁcient synthesis of biaryls using a Hiyama reaction be-
tween aryl iodides and aryltrialkoxysilanes in the presence of a
diphenylphosphinomethylpolystyrene-supported palladium cata-
lyst has been described. The cross-coupling proceeds in the pres-
ence of only 0.1 mol% of supported palladium, and the catalyst
can be used at least four times as the palladium leaching is extre-
mely low.9
2.5. Novel resins, linkers and techniques
No papers this month.
2.6. Library applications
The discovery and SAR of a novel series of non-MPEP site
metabotropic glutamate receptor 5 (mGlu5) positive allosteric
modulators (PAMs) based on an aryl glycine sulphonamide scaffold
has been reported. This series represents a rare non-MPEP site
mGlu5 PAM chemotype. From this study, an unprecedented mGlu5
PAM chemotype with potent activity was discovered that is ame-
nable to chemical optimisation via an iterative library approach.10
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larial leads from Australian macrofungi, a unique fungi-derived
prefractionated library was screened against a chloroquine-
sensitive Plasmodium falciparum line using a radiometric growth
inhibition assay. A library fraction derived from a Cortinarius spe-
cies displayed promising antimalarial activity and one isolated
compound was used as a natural product scaffold in the parallel
solution-phase synthesis of a small library of N-substituted
tetrahydroanthraquinones.11
A lead compound, (E)-3-(4-chlorophenyl)-2-(1H-pyrrole-2-
carbonyl)acrylonitrile, that induced 50% growth inhibition of 11
cancer cell lines at 27–61 lM, was used as the starting point for
the synthesis of a series of focused compound libraries. Six highly
focused libraries (46 compounds in total) were synthesised and
each allowed the identiﬁcation of a new lead compound.12
Thiopeptide antibiotics exhibit a profound level of chemical
diversity that is installed through cascades of posttranslational
modiﬁcations on ribosomal peptides. A technique to rapidly ex-
plore the chemical space of the thiopeptide GE37468 through co-
don randomisation, yielding insights into thiopeptide maturation
as well as structure and activity relationships has been reported.
In this study, seven residues of the prepeptide-coding region were
randomised, enabling the generation of 133 potential thiopeptide
variants.13References
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